Hybridomas obtained by in vitro stimulation with lipopolysaccharides (LPS) of BALB/c, MRL/lpr, and NZB splenocytes were selected for expression of VH7183 by hybridization using slot blotting. Northern blot analysis showed that the majority of hybrids produce a full length message complementary to the VH7183 probe. The frequency of VH7183 hybridomas was significantly higher in NZB mice as compared with BALB/c mice. Using multiple binding assays, 60% of the total antibodies encoded by VH7183 were specific for self-epitopes. Finally, the vast majority express cross-reactive idiotypes borne by autoantibodies of various specificities.
Introduction
Molecular studies of the heavy chain of autoantibodies have shown that the variable (V),1 diversity, and joining segments used to encode the variable region are similar to those used by antibodies against foreign antigens (1) (2) (3) . Also, our previous studies on antibodies displaying various self-specificities have clearly indicated that a restricted set of the variable region, heavy chain (VH) gene repertoire is utilized, particularly VH J558, the largest VH gene family, and the two 3' families, VH QPC52 and VH7 183 (3) . The VH7 183 family is of particular interest for several reasons. First, there is preferential utilization of a germline gene (VH 81 X) in pre-B cells and immature cells (4) , and the presumed autoantibody-producing B cells, LylI B cells, display the phenotype of immature B cells (5) . Second, there may be overrepresentation of the VH7 183 family by autoantibodies in spite of the small size of this family (12 members), VH J558 (60 members), and VH QPC52 (15 members) (6) .
The goal of our study was to investigate the frequency of antibodies specific for self-epitopes among VH7 183+ hybridomas obtained from normal mice vs. autoimmune mice. We found that more than halfofthese antibodies could bind to self-antigens independent of their origin. In addition, we identified a crossreactive idiotype among these antibodies that was shared by autoantibodies of various specificities.
Methods Animals 3-mo-old BALB/c, MRL/lpr, and NZB mice obtained from the Jackson Laboratory, Bar Harbor, ME were utilized in the preparation of hybridomas.
Preparation ofmonoclonal antibodies
Splenocytes from BALB/c, MRL/lpr, and NZB mice were cultured in RPMI (Gibco Laboratories, Grand Island, NY) supplemented with 10% fetal calfserum, 2-mercaptoethanol, pyruvate, nonessential amino acids, and glutamine. Cells were stimulated with E. coli lipopolysaccharide (LPS) (50 ,g/ml) for 3 d. Lymphocytes were then fused with the nonsecretory tumor line Sp2/0 using standard protocol (7) . All monoclonal antibodies were purified on a Sepharose 4B-rat anti-murine kappa column except Z3 18, which was purified on a Sephacryl column.
Selection ofhybridomas positivefor VH7183
gene expression (a) RNA slot blotting. RNA was prepared from cytoplasmic lysates of 1-3 X 107 hybridoma cells and was applied to nitrocellulose with a Minifold II apparatus (Schleicher and Schuell, Inc., Keene, NH). The filters were baked, hybridized to a 32P-labeled VH7183 specific probe (VH 81X probe donated by G. Yancopoulos, Columbia University, New York), washed, and autoradiographed (8) .
(b) Northern blot analysis oftotal RNA. To confirm results obtained by slot blotting, total RNA was prepared from 3-5 X 107 cells and assayed in a Northern blot analysis as previously described (9 To test the binding properties to cellular antigens, three techniques were used: RIA for anti-thymocyte antibodies, agglutination tests for anti-red blood cell antibodies, and immunofluorescence for anti-tissue antibodies. Binding to thymocytes was tested with a cell surface assay as previously described (12) . Binding to red blood cells was tested with indirect anti-Ig (13) and polybrene tests (14). Bindlng to tissue antigens was studied using cryostat prepared sections from kidney and stomach. These were incubated for 1 h at 4°C with various amounts of antibodies (0.1, 5, 10 Ag/ml), washed extensively, and then incubated for 1 h at 37°C with fluoresceinated rat anti-mouse Ig as the developing reagent.
Study ofidiotypy
A competitive RIA as previously described (15) was used to test the expression of cross-reactive idiotypes.
Briefly, imicrotiter plates were coated overnight at 4°C with 5 gg/ml chromatographically purified antiidiotype antibodies, washed, and then incubated for 1 h at 4°C with 1% BSA in PBS. After extensive washing, the microtiter plates were incubated for 3 h at room temperature with 5, 50, or 500 ng purified antibodies, washed, and then incubated for 2 h with '25l-labeled corresponding idiotype (Id) . In these experiments, we have used several idiotype-antiidiotype systems described elsewhere (15) . These systems are comprised ofchromatographically purified polyclonal rabbit antibodies against LPS10-1, a rheumatoid factor (RF) monoclonal antibody obtained from in vitro LPS-stimulated splenocytes and 129-48, a monoclonal RF obtained from 6-mo-old 129/Sv mice. The hybridomas producing these RFs express a VH gene from VH7183 family (3) . As an idiotypic control system, we used antibodies specific for PylO2-Id expressed on PylO2, a monoclonal antibody specific for PR8 influenza virus hemagglutinin (16) . The hybridoma secretingthis antibody expresses a VH gene from the 7183 family.
The specificity ofanti-Id antibodies used in this study was previously described (3 (Fig, 1) . The vast majority of these hybridomas are A,K except for Z14 ('y2aK) and Z318 (M,X) ( (Table II) .
The inhibition of binding of autoantibodies by the corresponding antigens was carried out with a constant concentration ofantibodies (10 gg/ml) giving 50-70% ofthe binding with higher amounts (i.e., 30 or 100 lsg/ml). The percentage of inhibition illustrated in parentheses in Table II In this panel of monoclonal antibodies we found two that exhibited an unusually high binding activity to BSA and all autoantigens tested (B76 and Z12 1). Obviously, the binding activity ofthese antibodies was not inhibited by antigen (data not shown).
ANTIBODIES LACKING ANTI-SELF ACTIVITY
Antibodies that did not exhibit binding activity for self-antigens were tested for their ability to bind to galactan and PR8 influenza virus. These antigens were chosen because antibodies specific for galactan and PR8 influenza virus are encoded by VH genes from the VH7183 family (18, 19) . It should be mentioned that only one antibody (B38) bound galactan and only one antibody bound to PR8 (B64) (data not shown). (27) . Apparently, this lineage is comprised of the precursors for autoantibodies in NZB and exhibits the properties ofimmature B cells (28) . Moreover, VH 8 1X, the most JH proximal member of the VH7183 family, has been shown to be preferentially rearranged by pre-B and immature B cells (4, 28 The existence of these multispecific autoantibodies is intriguing. They could be antibodies specific for foreign antigens that could bind to various proteins through weak bonds such as hydrophobic or coulombic forces. Alternatively, they could play a role in autoimmune phenomena contributing to formation and deposition of immune complexes.
The pathological implications of antibodies with multiple specificity is best illustrated in the case ofcryoglobulins produced by patients with type II mixed cryoglobulinemia. Like epibodies, the cryoglobulins bind to the Fc fragment of IgG and to Fab fragment (36, 37) .
Only a small fraction of antibodies produced by BALB/c (and not by NZB or MRL) bound to foreign antigens galactan and PR8.
It is difficult to determine definitely what physiologic role is played by antibodies with autospecificities in BALB/c mice, yet we have ascertained that the precursors are present in these mice as well as in mice that eventually manifest autoimmune pathology. We may speculate that autoreactive cells exist in the repertoire of normal mice and their products may perhaps have some kind of scavenger or housekeeping function, thereby contributing to the clearance of altered self-molecules as proposed by Grabar et al. (38) . The function of multispecific antibodies and whether they can exert the same effects as some monospecific autoantibodies are certainly unknown. We are presently investigating whether B28, a multispecific antibody that binds collagen, MBP, Sm, and IgG2., elicits a pathogenic effect in DBA/ 1 mice as a known autoantibody monospecific for collagen, D3,u (39) .
Finally, we identified the presence of interstrain IdX expressed on RFs but not on anti-influenza virus antibodies among the 7183+ antibodies. Three systems have been used to identify Id expressed on two RFs (i.e., LPSO-1 and 129-48) (3). These IdX have been identified on other spontaneous or induced monoclonal autoantibodies (15) .
These results taken together indicate that autoantibodies with various specificities encoded by genes from the VH7 183 family share IdX that can function as regulatory idiotopes, targets for regulatory cells responsible for self-tolerance in both normal an-VH7183 Genes and Autoantibodies 1051 imals and animals prone to autoimmune disease before the onset ofthe clinical syndrome. The role of regulatory idiotopes in the expansion of autoantibodies was documented in various antigenic systems such as thyroglobulin, DNA, etc. (data reviewed by Zanetti, reference 40).
In conclusion, our data show a significant number of antibodies encoded by genes from the VH7183 family are specific for self-antigens. Furthermore, the anti-self response and crossreactive idiotypy we observed were independent ofmouse strain origin.
